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§ 11. Symmetry Relation for Helical Plasma 
-Parity Symmetry-
Watanabe, Tsuguhiro 
It is derived that a strict symmetry relation 
holds in the LHD (Large Helical Device) type 
helical magnetic field. The symmetry relation is 
expressed explicitly in the rotating helicQ,l coor-
dinate system and named as parity symmetry in 
helical system. 
A new concept, - concept of even scalars, 
odd scalars, even vectors, odd vectors-, is in-
troduced. Calculus of vector operation retains 
strictly the parity relations for these quantities. 
For example, the vector product of two vectors 
with same parity become a odd parity vector. 
The rotation of a vector field A, \7 x A, has 
same parity characteristics with the vector A. It 
is concluded that the equilibrium magnetic field 
and current distribution are expressed by even 
parity vectors. Pressure distribution is expressed 
by an even parity scalar function. 
The parity symmetry relations 
conduct uniquely the power expansion form of 
equilibrium magnetic field and pressure distribu-
tion. Analytical expression for these quantities 
are obtained approximately by truncation of the 
power series. 
An example of vacuum LHD helical magnetic 
field is shown in the following, 
B == BP\7 x A+ Bo ( ~ ) , (1) 
a To/T 
( 
-f;Y3- ~Y(X4 + y4) ) 
A == -LX3 - Lx(X4 + Y 4 ) 3r 12r3 
y2_X2 ( 1 _ Xcos(p¢)-Ysin(p¢) _ Lx2y2) 2 4r 6r4 
where p, To, a, BP, B0 are constants for magnetic 
field. Rotating helical coordinate system is ex-
p~essed by (X, Y, ¢) and T - To+ X cos(p¢) -
Y sin(p¢). 
Closed magnetic surface, islands, chaotic field 
line region and divertor field lines are well repre-
sented by this simple model (Fig.1). 
Characteristics of 3D finite (3 equilibrium of 
LHD type helical systems are analyzed based 
on this helical parity symmetry. 
r0= 3.9 ( m ), a= 0.6 ( m ), Bp= 0.77 ( T ), 80= 3.0 ( T) ] 
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Fig.l Poincare plot of field lines in¢== 0 plane. Magn~tic field is given by the approximate 
· h n 1·n eq (1) The magnetic axis is placed 1n the center of the vacuum vessel expression s ow . . 
(T = 3.9(m), z == 0). 
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